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The Arctic Northwest Passage refers to the fairway which is started from the 
Beaufort Sea in north of Alaska, and then eastward through the Canadian Arctic 
Islands waters, and ended at the Davis Strait and Baffin Bay. The fairway is an 
effective connection between the Pacific and Atlantic. Because of the geographic 
advantage, the navigability of the Arctic Northwest Passage would reduce about one 
third of the shipping voyage for the world shipping industry. However, this fairway 
has always been frozen because of the weather conditions in Arctic, and could not be 
utilized. In recent years, due to the fact that the weather is warming, the navigable 
period of the Arctic Northwest Passage is increasing in summer. It seems that the 
Arctic Northwest Passage would be navigable in the near future. Therefore, the 
research about the navigability of the Arctic Northwest Passage would be more and 
more necessary. 
 
According to the Admiralty Sailing Directions newly published by the UK 
Hydrographic Office, this dissertation has made detailed analysis about the ice 
conditions of the different areas along the Arctic Northwest Passage, and eventually 
determined the three key areas which are important to the navigability of the Arctic 




According to historical documents about the Arctic Northwest Passage, the sea ice 
conditions in the period from 2003 to 2011 are very representative to reflect the 
changing trend of the sea ice conditions of the Arctic Northwest Passage. In August 
and September of this period, the melting of the ice would be the most, and the 
proportion of the sea ice is reducing obviously. Therefore, this dissertation has made 
detailed analysis on the satellite maps of the Arctic Northwest Passage in some 
representative days including August 20th, August 31st, September 30th, and the 
critical days with the minimum ice in the fairway. 
 
In order to ensure the systematicness and unity of the research, all of the satellite 
maps are made according to the AMSR-E satellite data by the PHAROS group in 
Bremen University. By the horizontal comparison of the four representative days in 
the same year, and the longitudinal comparison of the same days in 9 different years, 
Some conclusions have been made: because the least proportion of the sea ice has 
often occurred in the first half of September, and the proportion of the sea ice is 
decreasing approximately year by year in the period of the period from 2003 to 2011, 
specific navigable period should be determined around the first half of September. 
 
However, according to the Arctic Ocean Assessment Report, considering that there 
have not been enough ports, infrastructures, hydrological information and 
oceanographic data etc, the international working groups thought that the Arctic 
Northwest Passage would not be navigable before 2020. Therefore, the conclusions 
of this dissertation should only be the reference to determine the navigable period of 
the Arctic Northwest Passage. 
 
Key Words: Arctic Northwest Passage, Key Areas, Variation of Ice Condition 
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Chapter 1 Introduction 
 
1.1 Significance of Research 
 
The Arctic Northwest Passage refers to the fairway which is started from the 
Beaufort Sea in north of Alaska, and then eastward through the Canadian Arctic 
Islands waters, and ended at the Davis Strait and Baffin Bay. The fairway is an 
effective connection between the Pacific and Atlantic. However, due to the fact that 
it is located in the Arctic, the fairway is frozen in most time of the whole year, and 
there would be a short navigable period only in summer. 
 
But according to statistics, the ice is melting at an unprecedented speed in Arctic. 
Since 2000, the ice in Arctic is reduced by 8% every 10 years compared with 
3%~4% before 2000. Therefore, some experts predict that the Arctic Northwest 
Passage would be navigable in the next 10 years. If this came true, the navigation 
business between Asia, Europe and the United States could be improved because the 
merchant ship would no longer pass the only fairway between these areas which is 
passing through Suez, Panama Canal and the Cape of Good Hope.  
 
Actually, the navigable of the Arctic Northwest Passage would reduce the cost of 
world's shipping industry by at least one third (Bai, 2009, p.7-9). 
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The Arctic Northwest Passage is meandering, and the melting of ice is not 
completely balanced and synchronized in everywhere of Arctic. As a result, whether 
the Arctic Northwest Passage could be navigable depends on the melting conditions 
of ice in one or several sea areas, in other words, the “Key Areas” in this dissertation.  
 
Obviously, the whole Arctic Northwest Passage is not navigable if the Key Areas are 
not navigable. Conversely, in case that the Key Areas are navigable, the other areas 
would also be navigable, as a result, the whole Arctic Northwest Passage would be 
navigable. 
 
1.2 Research Status Domestic and Abroad  
 
Due to the fact that the Arctic Northwest Passage plays an important role in political, 
economic and military fields, there has been much research in domestic and abroad 
about the navigability of the Arctic Northwest Passage, which could be divided into 
four categories: 
 
The first is the research about the essential reasons of the climate change in Arctic. 
The common view about this problem is that the massive greenhouse gas emissions 
has caused the global climate warming include the climate change of Arctic. 
 
The second is the research about the choices of the Arctic Northwest Passages. The 
result of the researches in this field contributes a lot to this dissertation. The 
exploration of the Arctic Northwest Passage has started since 1497, and the first 
exploration is conducted by John Cabot and his son in Italian at1497. As a result, 
there have been some choices of the Arctic Northwest Passages, and the detailed 
information is in the dissertation. 
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The third is the research about the impact of navigable in Arctic on political, 
economic, and military fields. Although the main part of the Arctic Northwest 
Passage is located in northern Canada, there have been some parts of the fairway 
located in Russia, the United States and Greenland. Therefore, there has been more 
and more research about impact of navigability in Arctic on political, economic, and 
military fields.  
 
The fourth is the research about impact of navigable in Arctic ecological problems. If 
the Arctic Northwest Passage is navigable, there would be more and more shipping 
trade and human activities, which would inevitably have negative impact on the 
ecological environment in the Arctic. Because of the ecological impact of 
navigability in Arctic, some environmentalists have questioned whether Arctic 
Northwest Passage should really be developed. 
 
According to the research above, obviously there have been comprehensive analysis 
of the generation, status, impact and the future trends of the Arctic Northwest 
Passage. However, there has been less analysis on the ice conditions in Arctic, which 
is important for the confirming of the navigable time and the Key Areas in Arctic. 
Therefore, this dissertation focused on the variation of ice conditions in Arctic, and 
made some analysis on the ice conditions of Key Areas for the navigation in Arctic.  
 
1.3 Main Purpose of This Dissertation 
 
The main work of this thesis could be divided into the following four areas:  
 
According to the gathered information, there have been analysis and conclusions 
about various routes in northwest Arctic, which include major routes and individual 
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ones, and detailed explanations about the passing areas. Also there have been clear 
marks in the maps. 
 
According to the Admiralty Sailing Directions published by United Kingdom 
Hydrographic Office, there have been some conclusions about the ice conditions and 
the navigable waters along the Arctic Northwest Passage. Furthermore, some key 
areas in the Arctic Northwest Passage have been determined. 
 
There has been some analysis about the satellite images produced by PHAROS group 
in University of Bremen based on the AMSR-E satellite data, and some analysis 
about the melting of the ice in different areas of the Arctic Northwest Passage. Also 
there have been some conclusions about the trends of the melting of ice. 
 
Based on the research above, there has been expectation about the further 

















Chapter 2 Introduction of Arctic Northwest Passages 
 
At present, the Arctic Northwest Passage refers to the fairway which is started from 
the west part of Canada, and then eastward through the Bering Strait, the Channels in 
the Canadian archipelago and the Baffin Island, then ended in Greenland (Li, 2009, 
p.66-67). 
 
Actually, there are many islands along the Arctic Northwest Passages. Specifically, 
there are about 36000 islands in the area of 210 square kilometers, which may be the 
most complicated areas in the earth (Liao, 2009, p.162-163). Nowadays, there have 






Figure 2.1 Schematic of the Northwest Passage 
Source: Edited by the author according to http://www.shipxy.com/ 
 
2.1 The First Arctic Northwest Passage---- the North Route 
 
The first Arctic Northwest Passage---the North Route is started from Bering Strait, 
and then pass through the Chukchi Sea, Beaufort Sea, McClure Strait, Viscount 
Melville Sound, Barrow Strait, Lancaster Sound, Baffin bay, Davis Strait, and 
Labrador Sea (Liao, 2009, p.162-163), as shown in figure 2.2.(thick line) 
 
The route is discovered by W.E. Paris in 1819, who had led an expedition of the 
British royal navy. At that time, the expedition navigated in the North Route, and 
reached the McClure Strait. In 2001, the Kapitan Khlebnikov which is a Russian 
liner had navigated in this route. 
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Figure 2.2 Schematic of the north Northwest Passage 
Source: Edited by the author according to http://www.shipxy.com/ 
 
2.2 The Second Arctic Northwest Passage---- the PWS (Prince Wales Strait) 
Route 
 
The second Arctic Northwest Passage---- the PWS( Prince Wales Strait) Route is 
started from Bering Strait, and then passing through the Chukchi Sea, the Beaufort 
Sea, Amundsen Gulf, Prince Wales Strait, Viscount Melville strait, Barrow Strait and 
Lancaster Sound, as shown in figure 2.3 (thick line).  
 
Obviously, the second fairway is passing through the Amundsen Gulf and Prince of 




Figure 2.3 Schematic of PWS 
Source: Edited by the author according to http://www.shipxy.com/ 
 
2.3 The Third Arctic Northwest Passage---- the PS( Peel Sound) Route 
 
The third Arctic Northwest Passage---- the PS( Peel Sound) Route is started from 
Bering Strait, and then passing through the Chukchi Sea, the Beaufort Sea, 
Amundsen Gulf, Dove Co Channel, Coronation Gulf, Dease Strait, Queen Maud 
Gulf, Victoria Strait, Larson Strait, Franklin Sound, Peel Sound, Barrow Strait and 
Lancaster Sound (Heather, 2006, p.579-581), as shown in figure 2.4 (thick line).  
 
Obviously, nearly the first half of the third fairway is different from the first one, and 
the rest part is the same.  
9 
 
Figure 2.4 Schematic of PS 
Source: Edited by the author according to http://www.shipxy.com/ 
 
2.4 The Fourth Arctic Northwest Passage---- the PS( Peel Sound) Adjustment 
Route 
 
The fourth Arctic Northwest Passage---- the PS( Peel Sound) adjustment Route, is 
started from the Bering Strait, and then passing through the Chukchi Sea, the 
Beaufort Sea, Amundsen Gulf, Dove Co Channel, Coronation Gulf, Dease Strait, 
Queen Maud Gulf, Simpson Strait, Rasmussen Bay, Ray Channel, San Roque Bay, 
James Ross Strait, Peel Sound, Barrow Strait and Lancaster Sound, as shown in 
figure 2.5 (thick line). 
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Compared with the third fairway, the fourth fairway is developed on the basis of the 
third. The only difference is that the fourth fairway is passing through the east of 
Prince William island, rather than the west. In other words, the fourth fairway could 
be seen as the standby fairway of the third fairway in case that the Victoria channel 
entered into the freeze. 
 
 
Figure 2.5 Schematic of the adjust line of PS 
Source: Edited by the author according to http://www.shipxy.com/ 
 
2.5 The Fifth Arctic Northwest Passage---- the Prince Regent Bay Fairway 
 
The fifth Arctic Northwest Passage---- the Prince Regent Bay fairway is started from 
the Bering Strait, and then passing through the Chukchi Sea, the Beaufort Sea, 
Amundsen Gulf, Dove Co Channel, Coronation Gulf, Dease Strait, Queen Maud 
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Gulf, Victoria channel, Larson strait, Franklin channel, Bylot Strait, Prince Regent 
bay, Barrow Strait and Lancaster Sound, as shown in figure 2.6 (thick line). 
 
The only difference between the fifth fairway and the third is that the fifth fairway is 
passing through the east of Prince William Island, rather than the west. 
 
 
Figure 2.6 Schematic of PRI 
Source: Edited by the author according to http://www.shipxy.com/ 
 
2.6 The Sixth Arctic Northwest Passage---- the First Adjust Fairway of Prince 
Regent Bay 
 
The sixth Arctic Northwest Passage---- the first adjust fairway of Prince Regent Bay 
is started from the Bering sea, and then passing through the Chukchi Sea, the 
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Beaufort Sea, Amundsen Gulf, Dove Co Channel, Coronation Gulf, Dease Strait, 
Queen Maud Gulf, Simpson Strait, Rasmussen Bay, Ray Channel, San Locket Bay, 
James Ross Strait, Bylot Strait, Prince Regent bay, Barrow Strait and Lancaster 
Sound, as shown in figure 2.7 (thick line). 
 
 
Figure 2.7 Schematic of Adjust Line 1 of PRI 
Source: Edited by the author according to http://www.shipxy.com/ 
 
2.7 The Seventh Arctic Northwest Passage---- the Second Adjust Fairway of 
Prince Regent Bay 
 
The seventh Arctic Northwest Passage---- the second adjust fairway of Prince Regent 
Bay is started from the Bering sea, and then passing through the Chukchi Sea, the 
Beaufort Sea, Amundsen Gulf, Dove Co Channel, Coronation Gulf, Dease Strait, 
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Queen Maud Gulf, Simpson Strait, Rasmussen Bay, Ray Channel, San Locket Bay, 
James Ross Strait, Bylot Strait, Gulf of Boothia, Fury and Hecla Strait, Fawkes 
Bay, Fawkes strait, Hudson Strait, the Fawkes Strait and Labrador Sea (Brinkhuis, 
2006, p.606-609), as shown in figure 2.8 (thick line). 
 
 
Figure 2.8 Schematic of Adjust Line 2 of PRI 
Source: Edited by the author according to http://www.shipxy.com/ 
 
Obviously, there are only small changes between the seventh fairway and the fourth. 
However, it is a challenge to use the seventh fairway not only because of thick ice in 
the Gulf of Boothia, but also because of the narrow Fury and Hecla Strait. Actually, 
nearly no vessels would use this fairway except for the vessels from Canada. 
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Nowadays, some experts argued that there should be six Arctic Northwest Passages. 


























Chapter 3 Sea Ice Condition of Arctic Northwest Passage 
 
According to the Admiralty Sailing Directions published by the UK Hydrographic 
Office, there have been some conclusions about the sea ice conditions of different 
areas along Arctic Northwest Passage. In addition, the standard for navigation in this 
dissertation refers to the research standards of Bremen University. Which is: if the 
density of sea ice is less than or equal to 15%, the area could be considered to be 
navigable.  
 
3.1 Sea Ice Conditions In The West of Arctic Northwest Passage  
 
There have been the Bering Sea, Chukchi Sea and Beaufort Sea in the western of the 
Arctic Northwest Passage. There have been nearly no ice in the Bering Sea and 
Chukchi Sea in September. Therefore, the navigable of the west of the Arctic 
Northwest Passage depends on the ice conditions of the Beaufort Sea. 
 
The melting of the ice in the Beaufort Sea begins from May each year. At that time, 
there has been little ice in the south of the Beaufort Sea, which is suitable for 
navigation. However, the McClure Strait and Viscount Melville strait located in the 
north of the Beaufort Sea sometimes could be invaded by Arctic sea ice in summer, 
then the Arctic Northwest Passage may not be navigable. Generally speaking, the 
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navigation period of these three areas should last from midmonth of August to late 
September. 
 
3.2 Sea Ice Conditions In The North of Arctic Northwest Passage 
 
The north of Arctic Northwest Passage includes McClure Strait, Viscount Melville 
strait, Barrow Strait, Lancaster Sound (L.S) and Baffin Bay. 
 
McClure Strait, which is located in the northeast of Beaufort Sea, is 275km long and 
120km wide, and the depth of water is more than 400m (Bai, 2009, p.7-9). There has 
been much Arctic ice in McClure Strait. The first Arctic Northwest Passage has 




Figure 3.1 McClure Strait 
Source: Edited by the author according to http://www.shipxy.com/ 
 
According to information from satellite observation, the ice condition in McClure 
Strait has turned better year by year, however, there has been still much ice in this 
strait, even in September when the whole ice conditions is the best all over the year. 
Actually, even when McClure Strait is in the best condition, there should also be 
some icebreakers to deal with sea ice. Generally speaking, the best navigation period 
of McClure Strait should be the late August and the first three weeks of September. 
 
The Viscount Melville strait, which is located in the south of Melvil Island, is 350km 
long and 100km wide, and the depth of water is more than 500m. The first and 




Figure 3.2 Viscount Melville Sound 
Source: Edited by the author according to http://www.shipxy.com/ 
 
There has always been some sea ice drifting in the Viscount Melville Strait. The 
melting of the sea ice starts from August and ends at September. At the end of 
September, the sea ice would be frozen. Specifically, the ice conditions in the center 
would be much worse than the eastward and westward. The north of the strait would 
be frozen at the midmonth of October, which is later than other areas. In addition, 
when sailing in the west part, the icebreakers would be required.  
 
According to some statistics, the average days of no ice would be less than 20 each 
year (Liu, 2009, p.43). 
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Except for the seventh Arctic Northwest Passage, the remaining six are all passing 




Figure 3.3 Barrow Strait, Lancaster Sound and Baffin Bay 
Source: Edited by the author according to http://www.shipxy.com/ 
 
The Barrow Strait is 180km long and 50km wide (Bai, 2009, p.7-9). There have been 
a serious of islands obstructing the navigation. The melting of the ice in the east is 
started in mid-July, while the western is in mid-August. There would be no ice in this 
strait in September. 
 
Lancaster strait is 250km long and 80km wide, and the depth of water is more than 
500m. There would be no dangers for ship`s navigation. The sea ice in this strait 
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started to melt at the end of July, and there would be no ice in this strait in September 
(Zhang, 2009, p.34-41). 
 
There would be no ice in Baffin Bay in September, which would be suitable for 
navigation. 
 
3.3 Sea Ice Conditions In The South of Arctic Northwest Passage  
 
The southern part of Arctic Northwest Passage includes Amundsen Gulf, Prince of 
Welsh strait, Dove Co Channel, Coronation Gulf, Dease Strait, Queen Maud Gulf, 
Victoria channel, Larson strait, Franklin channel, Peel Sound, Simpson Strait, Bylot 
Strait and Prince Regent Bay. 
 
The Amundsen Gulf is important because there are six Arctic Northwest Passages 
passing through this area except the first fairway (Shi, 2010, p.44-45). This area is 
300km long. Every year there would be polynya emerged and expanded in May or 
June in the west. There would be nearly no ice in August or September, although 
sometimes there would be some floating ice in the south. The Amundsen Gulf would 
be frozen in October, and there would be covered with thin ice in November. 
 




Figure 3.4 Amundsen Gulf 
Source: Edited by the author according to http://www.shipxy.com/ 
   
Prince of Welsh Strait is only passed through by the second fairway. The strait is 
230km long, and the depth of water could meet the requirements of navigation. 
However, the narrowest point is less than 10km (Lei, 2007, p.16). The melting of the 
ice started at the end of July, and there would be nearly no ice in mid-August. 
Sometimes, there would be some sea ice flowing into the strait from the Viscount 
Melville Strait. The strait would be frozen in mid-September, and the strait would be 
covered with thick ice in early November. The navigation period would last from 
August to October. 
22 
 
Figure 3.5 Prince of Wales Strait 
Source: Edited by the author according to http://www.shipxy.com/ 
 
The Dove Co Channel is passed through by all Arctic Northwest Passages except for 
the first and second. The Dove Co Channel, which is located around the Amundsen 
Gulf, is 150km long and 80km wide, and the depth of water is less than 10 meters at 
many points. Therefore, the navigation in this area requires great caution (Li, 2009, 
p.1-7). There would be some polynya appeared and expanded in June. The melting of 
the ice started in July, and there would be no ice in August. The whole channel 
would be frozen in mid-October. The navigation period of this channel would last 
from July to October. 
   
The Coronation Gulf is also passed through by all Arctic Northwest Passages except 
for the first and second. It is 160km long and includes many islands (Yuri, 1992, 
23 
p.19). The melting of the ice started in early July, and the melting speed is very fast. 
The whole bay would be frozen in early October. The navigation period of the area 
would last from July to October. 
 
The Dease Strait is also passed through by all Arctic Northwest Passages except for 
the first and second. The width is 14km to 60km and the length is 160km (Howell, 
2009, p.36). The melting of ice started in late July, and the strait would be frozen in 
late September. The navigation period would last from July to early October. 
 
The Queen Maud Gulf is also passed through by all Arctic Northwest Passages 
except for the first and second. The width of the west entrance and east entrance are 
both 14km, and the maximum width is 280 km. There are numerous islands and reefs 
in this gulf. The melting of the ice started in late July. The gulf would be frozen in 
early October. The navigation period of the gulf would last from late July to early 
October. 
 
The Vitoria Strait is passed through by the third and fifth Arctic Northwest Passage. 
The width is 120 km. The ice condition of this strait may be the worst in north 
Canada. The melting of the ice started in late July, and there has been always thick 
ice in the north. The south would be suitable for navigation in late August. However, 
the strait would be frozen in late September.  
 
The navigation period of the strait would last from August to late September (Zhu, 
2003, p.23-29). 
 
The Larson Strait is located between the Vitoria Strait and the Franklin Strait. The 
depth of water varies from 30m to 200m. According to the statistics, there would be 
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some ice barriers in this area which would obstruct the navigation of the fourth and 
fifth Arctic Northwest Passage, as shown in figure 3.7(red area).  
 
 
Figure 3.6 Peel Sound, the Larsen Sound and Prince Regent Inlet 
Source: Edited by the author according to http://www.shipxy.com/ 
 
Franklin Strait is passed through by the third Arctic Northwest Passage. The melting 
of the ice started in early August, and the strait would be frozen in late September. 
The navigation period would last from August to late September. 
  
Pierre Strait is passed through by the third and fourth Arctic Northwest Passages. 
The depth could meet the requirements for navigation. The width is 25 km, and the 
depth of water in south is more than 400m. The melting of ice started in early August. 
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Sometimes there would be some ice in the north of the strait, which would obstruct 
the navigation.  
 
The strait would be frozen in mid-September. The navigation period would last from 
August to September, but it depends (Gosselin, 1997, p.1623-1644). 
 
In addition, there have been the Simpson Strait, Rae strait, and James Ross strait. The 
three straits were nearly not passed through by any vessels because they are narrow 
and there are so many reefs, as shown in figure 3.7. 
 
 
Figure 3.7 Simpson Strait, Rae Strait and James Ross Strait  
Source: Edited by the author according to http://www.shipxy.com/ 
 
There has been some specific information of the three straits is as following: 
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The narrowest point of Simpson Strait is only 3km wide and 6.4m deep, which is not 
suitable for ships` passing with heavy draft. It is the most dangerous part of the 
fourth, sixth and seventh Arctic Northwest Passages. 
 
Rae Strait is 20km wide, and the depth in the middle varies from 5m to 18m. 
 
James Ross Strait is 50km wide, and there are so many reefs and islands. 
 
The Bylot Strait is passed through by the fifth, sixth and seventh Arctic Northwest 
Passages. The depth of water varies from 17m to 380m. The strait is narrow and has 
strong flow. The north outlet of the strait could be navigable from mid-August to late 
September. What`s important, the navigation period of the whole street would be no 
long than 3 consecutive days, because sometimes there would be some ice 
obstructing the strait for 3~4 days. Therefore, the vessels need accurate observation 
of the ice conditions before navigation in this strait. Sometimes the icebreakers 
should be in available. In addition, there has been a shallow water with depth of 4.3m 
located in the north, which would obstruct the navigation. 
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Figure 3.8 Bylot Strait and the Larsen Sound 
Source: Edited by the author according to http://www.shipxy.com/ 
 
The Prince Regent Bay is passed through by the fifth and sixth Arctic Northwest 
Passages. The width is 80km and there is no island. The melting of the ice in this 
area depends most on the wind. The melting would start in July if it is north wind , 
and the melting would be later if it is southeast wind. The strait would be frozen 
again in early October. Besides, the navigation period of the north would be longer 
because of the Atlantic warm current. The navigation period of this bay could last 
from August to late September of early October.  
 
3.4 Sea Ice Conditions In The East of Arctic Northwest Passage  
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The east of Arctic Northwest Passage includes the Gulf of Boothia, Fury and Hecla 
Strait, Fawkes Bay, Fawkes strait and Hudson Strait. 
 
The Gulf of Boothia is a waterway linking the Prince Regent Bay and Fury and 
Hecla Strait. There has been no obstruction for navigation except the Prince Frederic 
Island which is located in the outlet of the Fury and Hecla Strait. 
 
The Fury and Hecla Strait is 160km long. It is very narrow and has turbulent current. 
 
The Fawkes Bay is very large and has many islands in the north. 
 
The Fawkes Strait is 130km wide and very deep. There have been some reefs in the 
middle. 
 
The Hudson Strait is located in the south of the Baffin Island. The strait is 650km 
long and 100km wide. It links the Davies Strait and Fawkes Bay. There have been 
some islands in the vicinity of both entrances. In addition, the strait is also used for 
the entrance of Hudson and Churchill harbor. 
 
Generally, the sea ice conditions of different areas in the east of Arctic Northwest 
Passage are good for navigation. 
 
3.5 The Summary of Sea Ice Conditions Along Arctic Northwest Passage  
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Table 3.1 List of sea ice conditions in Northwest Fairway 
Source: Summarized by the author 
 
As shown in Table 3.1, the navigation periods of different navigation areas are 
different due to different sea ice conditions and hydrological conditions.  
 
In order to be more intuitive to see the navigable conditions of different areas along 
the Arctic Northwest Passage in the period from July to November, there have been 




Figure 3.9 Navigable sections in July 
Source: Summarized by the author according to the charts 
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As shown in figure 3.9, the navigable sections in July is very short. Therefore, the 
Arctic Northwest Passage is not navigable in July. 
 
 
Figure 3.10 Navigable sections in August 
Source: Summarized by the author according to the charts 
 
As shown in Figure 3.10, the navigable conditions in August would be much better 
than July. However, the Barrow Strait and Lancaster Strait are still not navigable, 





Figure 3.11 Navigable sections in September 
Source: Summarized by the author according to the charts 
 
As shown in figure 3.11, September should be the best time for navigation. 
Compared with August, the Barrow Strait and Lancaster Strait would be navigable in 
September due to the West Greenland warm current. However, the McClure Strait, 
Viscount Melville Strait and Larsen Strait have very bad navigable conditions, and 
the icebreakers should be in service. 
 
According to the satellite maps of sea ice in 2003, 2006, 2008 and 2009, the whole 
Arctic Northwest Passage would be navigable in case that the ice conditions of the 
McClure Strait, Viscount Melville Strait and Larsen Strait is good. 
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Figure 3.12 Navigable sections in October 
Source: Summarized by the author according to the charts 
 
 
Figure 3.13 Navigable sections in November 
Source: Summarized by the author according to the charts 
 
As shown in Figure 3.12 and figure 3.13, the whole fairway could not be navigable 
in October and November.  
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According to Figure 3.9 to figure 3.13 above, the Arctic Northwest Passage is most 
likely to be navigable in August and September. On average, the whole fairway 
would be navigable in August except the Barrow Strait, Lancaster Strait and Vitoria 
Strait. And only the north of the Vitoria Strait is not navigable in September.  
 
Therefore, based on the analysis about the geographical positions and ice conditions 
of different areas, we defined three “key areas” which are critical to the navigable of 
the Arctic Northwest Passage. The first key area is Ban-Mc-Mel area which includes 
the west of Banks Island, McClure Strait and Viscount Melville Strait. Actually, the 
ice density in these three areas would be 60% to 80% in August and September (Su, 
2010, p.22). The icebreakers should be in service for navigation in these areas. The 
second key area is Ba-Lan area which includes the Barrow Strait and Lancaster Strait. 
The third key area is the north of the Vitoria strait which includes the Vitoria strait 












Chapter 4 Analysis On Key Areas of Northwest Passage 
 
According to the analysis of the previous chapter, three key areas have been 
determined, and they are Ban-Mc-Mel area, Ba-Lan area, and the north of the Vitoria 
strait. 
 
The Ban-Mc-Mel area has critical impact on the navigable of the west entrance of the 
first Arctic Northwest Passage. This area is nearly frozen all over the year. Actually, 
even in August and September, the icebreakers should be in service for the 
navigation in this area. 
 
The north of the Vitoria strait has critical impact on the navigable of the second half 
of all the Arctic Northwest Passages except the second. As shown in maps, this key 
area is located at the intersection of many fairways. If this area is not navigable, all 
the south Arctic Northwest Passages would not be navigable except the second. 
Actually, this key area would not be melting because of the impact of the north ice 
current, which would obstruct the navigability of the fairways. 
 
The Ba-Lan area is located at the east outlet of the Arctic Northwest Passage, and is 
passed through by all the fairways except the seventh. However, the seven fairway 
has very bad ice conditions for navigation. In other words, this key area has critical 
impact of all the Arctic Northwest Passages. In addition, this key area could easily be 
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affected by the west Greenland warm current, and could meet the requirements for 
the navigation in September.  
 
4.1 Analysis on Ice Conditions of Key Areas of the Arctic Northwest Passage 
 
In order to analyze ice conditions of the key areas in recent years, this dissertation 
has adopted the satellite maps from Bremen University from 2003 to 2011, and made 
detailed analysis on satellite maps of some representative days including August 20th, 
August 31st, September 30
th
 and the special day with the least ice in Arctic. 
 
4.1.1 Analysis on the time-variation changes of ice conditions of key areas each 
year 
 
This dissertation has made detailed analysis on the satellite map of sea ice conditions 
in key areas on the representative days including August 20th, August 31st, 
September 30
th
 and the special day with the least ice in Arctic since 2003-2011. The 





Table 4.1 Ice conditions of the Key Areas in several periods from 2003 to 2011 
Source: Satellite images produced by PHAROS group in University of Bremen  
 
According to the figure 4.1, the change rules of sea ice in the key areas from August 
20
th
 to September 30
th
 every year could be seen in the horizontal contrast. Obviously, 
the proportion of sea ice is gradually reduced from August 20
th
. In addition, the black 
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part of sea ice area shows the density of sea ice, which has been reduced to a 
minimum value in September. 
 
After the day that the density of the sea ice has been reduced to a minimum value, 
the area starts to be frozen. The proportion of sea ice in key areas has expanded 
apparently comparing with the minimum, which would obstruct the navigation. As 
shown in this figure, except for the Ba-Lan area, the proportion of sea ice in other 
two key areas has expanded more or less in most years. Therefore, the navigation 
period of the Arctic Northwest Passage has ended since the late September. 
 
4.1.2 Analysis on the annual variation changes of ice conditions of key areas 
 
This dissertation has compared the satellite maps of the same representative dates in 
different years, in order to analyze the change rules of sea ice in key areas in the 
same dates of different years, as shown in tables 4.2 to 4.4. 
 
The analysis of the sea ice condition in August 20
th
 of different years could be seen 




Table 4.2 Ice conditions of the Key Areas on 20 August from 2003 to 2011 
Source: Satellite images produced by PHAROS group in University of Bremen  
 
As shown in Figure 4.2, on August 20th of the recent 9 years, there has been no 
difference between 2003 and 2004, and the extent of melting of the ice has increased 
year by year since 2005. During this period, the proportion of the sea ice has reduced 
gradually. Especially in the three key areas, obviously on August 20th the proportion 
of sea ice has reduced year by year, and in 2010 and 2011, there is nearly no sea ice 
in the three key areas. 
 
The analysis of the sea ice condition on August 31
st
 of different years could be seen 




Table 4.3 Ice conditions of the Key Areas on 31 August from 2003 to 2011 
Source: Satellite images produced by PHAROS group in University of Bremen  
 
As shown in table 4.3, the proportion of sea ice in key areas on August 31
st
 is less 
than the proportion on August 20
th
, and the extent of ice conditions in key areas has 
decreased during this period. Different from the figure 4.2, there has been nearly no 
ice in the Ba-Lan key area on August 31
st
 from 2003 to 2011. In addition, according 
to the Admiralty Sailing Directions published by the UK Hydrographic Office, the 
Barrow Strait and Lancaster Strait could meet the requirements of navigation. 
 
The analysis of the sea ice condition on September 30th of different years could be 




Table 4.4 Ice conditions of the Key Areas on 30 September from 2003 to 2011 
Source: Satellite images produced by PHAROS group in University of Bremen  
 
As shown in table 4.4, the extent of the sea ice in the three key areas has decreased in 
this period. However, the proportion of sea ice on September 30
th
 has increased 
compared with the proportion on August 31
st
, which indicates that the Arctic 
Northwest Passage started to be frozen since September 30
th
. And the whole fairway 
would not be suitable for navigable. Therefore, the most suitable period for 
navigation in Arctic should be August and September. This dissertation has also 
focused more on the ice conditions of these two months. 
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4.1.3 Analysis on the ice conditions of key areas on critical days with minimum 
ice in Arctic 
 
According to the statistics of recent years, the critical days with minimum ice are 
different in different years from 2003 to 2011, but they are all in September. In order 
to analyze the rules of the occurrence of the critical days in September, this 
dissertation has collected the information about the critical days during these years, 
as shown in table 4.5.  
 
 
Table 4.5 Date statistics of minimal ice extension in Northwest Passage from 
2003 to 2011 
Source:  Compiled by author according to statistics collected  
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 for two times, which is 




. The critical days 




 only once.  
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In general, the critical days have occurred in the first half of September for eight 
years in the period from 2003 to 2011. Therefore, the most suitable time for 
navigation in the Arctic Northwest Passage should be the first half of September. 
However, according to the definition of the key areas, we know that whether the key 
areas are navigable is critical to the navigation of the Arctic Northwest Passage. If 
the key areas are not navigable, the Arctic Northwest Passage would be not 
navigable. On the contrary, if the key areas could meet the requirements of 
navigation, the whole Arctic Northwest Passage would be navigable. 
 
In addition, in order to analyze the minimum ice conditions of the Arctic Northwest 
Passage from 2003 to 2011, there has been collection of related satellite maps, as 





Table 4.6 Annual chart of the minimal ice extension from 2003 to 2011 
Source: Satellite images produced by PHAROS group in University of Bremen  
 
As shown in table 4.6, the critical days are all occurred in September although they 
are different in the period from 2003 to 2011. Obviously, September is the most 
suitable month for navigation in Arctic. In addition, the proportion of the sea ice in 
key areas on the critical days is decreasing since 2003. Especially, there is nearly no 
sea ice in 2007, 2010 and 2011, in other words, it is suitable for navigation in Arctic 
in the three years. As for other years, except for the 2004 when the proportion of sea 
ice is the most and the 2009 when the proportion is increasing, the proportion of sea 
ice in key areas in decreasing.  
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Specifically, there is nearly no ice in Ba-Lan area in 2005; and there is nearly no ice 
in north of the Vitoria Strait; and there is nearly no ice in all the key areas in 2010 
and 2011. Therefore, based on the analysis above, the Arctic Northwest Passage 
would be navigable in the near future. In addition, the navigation period should be 
determined around the September.  
 
4.2 The Expectation of Development of the Arctic Northwest Passage 
 
Based on the analysis above, in all the three key areas, the ice condition in the 
Ba-Lan area is the least while it is the most in the Ban-Mc-Mel area. In the critical 
days with minimum ice, there would be nearly no ice in the Ba-Lan area, while there 
would be still some ice in the other two key areas. What`s important is that the 
proportion of sea ice in the key areas has decrease in the recent years. Especially in 
2010 and 2011 there would be nearly no ice. It could be estimated that at least one 
Arctic Northwest Passages would be navigable in the next few years.  
 
In addition, according to the conclusions of global climate simulation, although there 
would still be some ice in winter, the proportion of the ice would be decreasing, and 
there would be a short period with no ice in 2015 (Wang, 2006, p.21-27). This also 
means that the Arctic Northwest Passage would be navigable in the near future. 
  
However, considering that there have been no ports and other infrastructures which 
are important for navigation, and there have been no enough hydrological data and 
weather information, the Arctic Northwest Passage would not be navigable easily.  
 
Actually, many international experts and working groups thought that the Arctic 
Northwest Passage would not be a feasible channel to cross the Arctic before 2020 
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(Li, 2011, p.73-76). Therefore, there would be further analysis and research about the 

















Chapter 5 Conclusions 
 
With regard to the Arctic Northwest Passage, there have been lots of different 
opinions about the specific route. Based on the analysis and conclusions of 
international researches, there have been 7 feasible fairways summarized in this 
dissertation: the North Route, he PWS( Prince of Wales Strait) Route, the PS( Peel 
Sound) Route, the PS( Peel Sound) adjustment Route, the Prince Regent Bay fairway, 
the first adjust fairway of Prince Regent Bay, the second adjust fairway of Prince 
Regent Bay. 
 
Generally, the ice condition in the west part of the Arctic Northwest Passage is worse 
than the east part. Specifically, the ice conditions of the seven Arctic Northwest 
Passages are different, and the ice conditions are also different in different months. 
Therefore, the choice of the Arctic Northwest Passages should be based on the 
different objective conditions. What`s important is that the navigability of the Arctic 
Northwest Passage always depends on the ice conditions of some critical areas, 
which here referred to as the key areas. 
 
According to the analysis of this dissertation, the key areas of the Arctic Northwest 
Passage include the west of Banks Island, McClure Strait, Viscount Melville Strait, 
north of the Vitoria Strait, Barrow Strait and Lancaster Strait. The ice conditions of 
key areas directly impact the navigable of the Arctic Northwest Passage. The first 
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key area is Ban-Mc-Mel area which includes the west of Banks Island, McClure 
Strait and Viscount Melville Strait. This key area is located in the north of the 
fairway and impacts the navigable of the first Arctic Northwest Passage---- the North 
Route. The second key area is Ba-Lan area which includes the Barrow Strait and 
Lancaster Strait. Due to the impact of the West Greenland current, there is nearly no 
ice in this key area in September, which would be suitable for navigation. However, 
this area would not be navigable in August according to the analysis. The third key 
area is the north of the Vitoria strait which includes the Vitoria strait and the 
intersection region of the McClintock Strait and Franklin Strait. Due to the fact that 
this key area is located in the intersection of many Arctic Northwest Passages, this 
key area could impact the navigable of the south of the Arctic Northwest Passages. 
 
In general, the impact of the sea ice in three key areas on navigation would be at least 
in August and September, and the most suitable period for navigation should be the 
first half of September.  
 
At last, due to the fact that this dissertation has only focused on the ice conditions of 
the Arctic Northwest Passage instead of other factors affecting the navigation, the 
conclusions have some limitation. In other words, whether the Arctic Northwest 
Passage should be navigable could not be determined completely based on the 
conclusions of this dissertation.  
 
With regard to word “key” used in this dissertation, it could be understood as 
following: on the one hand, if the key areas could not be navigable, the Arctic 
Northwest Passage would not be navigable; on the other hand, if the key areas could 
be navigable, the whole Arctic Northwest Passage may also not be navigable, 
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because there should be some other objective conditions such as the hydrographic 
condition and navigation assistant facilities. 
 
In addition, the conclusions of this dissertation about the navigability of the Arctic 
Northwest Passage are in accordance with the research of the international working 
groups: in the next 10 to 20 years, the ice conditions of the Arctic Northwest Passage 
may meet the requirements of the navigation; however, due to the fact that the other 
condition such as the hydrographic condition and navigation assistant facilities may 
not be suitable, the whole Arctic Northwest Passage would not be navigable actually. 
Therefore, there should be further research on the ice conditions of the Arctic 
Northwest Passage, and there also should be some research on the hydrographic 
information, weather condition and navigation assistant facilities etc. The 
conclusions about whether the Arctic Northwest Passage would be navigable should 
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